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烯负载氧化铈纳米复合材料，并用 SEM 和 TEM 表征了所制备纳米复合材料的
形貌，使用XRD表征了石墨烯表面氧化铈是属于面心立方晶格结构，用UV-vis、
FT-IR、XPS、Raman 和 TGA 表征了纳米复合材料的化学结构，证明氧化铈纳米


























The ceria nanoparticles has the same property as the bulk ceria, such as the quick 
change in oxygen vacancies，so that ceria has high oxygen storage capacity(OSC).At 
the same time, because of its small size, it also has quantum size effect, optics effect, 
surface effect and special affinity of nanomaterials. So it has batter application value 
than bulk ceria. 
In this thesis, natural graphite has been used to synthesis graphene oxide which 
can be well dispersed in aqueous solution by a modified Hummers method. Then 
graphene-supported ceria nano composites was prepared by using graphene oxide as a 
support and cerium chloride as the cerium source in “one-step” method and the 
morphology and properties of the nano composites may be controlled by optimizing 
the experimental parameters. The main achievements of this thesis will be outlined as 
follows: 
1、The well dispersed graphene oxide in aqueous solution was synthesized by 
using the modified Hummers method to oxidize natural graphite and then the 
morphology of graphene oxide was characterized by SEM and TEM as a piece of film 
with the size of 500 nm to 1 μm. And the thickness of graphene oxide characterized 
by AFM was is 1 nm. The chemical structure of graphene oxide was characterized by 
using UV-Vis、FT-IR、XRD、XPS、Raman、and TGA，which gives the result that 
graphene oxide has oxygen containing functional groups such as hydroxyl, carboxyl, 
carbonyl, and epoxy  
2、The graphene supported ceria was prepared by using the graphene oxide as a 
support and cerium chloride as the cerium source by hydrothermal method. And the 
morphology of the nano composite materials was confirmed by SEM and TEM. XRD 
was used to characterize the crystal structure of the ceria. And the chemical structure 
was characterized by UV-Vis, FT-IR, XPS, Raman and TGA. All the 
characterizations indicate that ceria nanoparticles were loaded on the graphene 
successfully and the size was below ten nanometers. 















conditions for graphene-supported ceria and attempts were made to study the reaction 
mechanism., The growth mechanism of graphene-supported ceria in this thesis was 
studied by exploring the influence of the concentration of alkali and cerium chloride 
and reaction temperature on the morphology of the product. It turns out that when the 
concentration of cerium chloride was low, ceria nanoparticles were formed, however, 
when concentration of cerium chloride was high, ceria nanorods were formed. So it is 
speculated that graphene as a carrier to support ceria has an effect on the control of 
the particle size. At the same time, it has the stabilizing effect to make the ceria be 
stably dispersed in aqueous solution for dozens of months. 
4、The graphene-supported ceria modified electrode was prepared and the 
application of the modified electrode in detection of dopamine was studied.The result 
was that graphene-supported ceria modified electrode can have a good recognition in 
PBS aqueous solution contains 0.5 mM DA and 1mM AA. 
 
















目  录 
摘  要 ........................................................................................................................... I 
Abstract ........................................................................................................................ II 
目  录 ........................................................................................................................ IV 
Contents ........................................................................................................................ I 
第一章 绪 论 ............................................................................................................... 1 
1.1 氧化铈的概述 ..................................................................................................... 1 
1.1.1 氧化铈的结构与性质................................................................................... 1 
1.1.2  氧化铈纳米材料的制备方法..................................................................... 2 
1.1.3 氧化铈的应用............................................................................................... 4 
1.2 石墨烯的概述 ..................................................................................................... 4 
1.2.1 石墨烯的结构与性质.................................................................................... 5 
1.2.2 石墨烯的制备............................................................................................... 6 
1.3 石墨烯复合材料的研究概述 ............................................................................ 10 
1.3.1 石墨烯复合材料的分类............................................................................. 10 
1.3.2 石墨烯-金属氧化物的研究概述 ................................................................ 11 
1.4 本课题的提出 ................................................................................................... 13 
参考文献 ..................................................................................................................... 14 
第二章  氧化石墨烯的制备及表征 ......................................................................... 33 
2.1 引言 ................................................................................................................... 33 
2.2 实验部分 ............................................................................................................ 33 
2.2.1 实验仪器..................................................................................................... 33 
2.2.2 实验试剂..................................................................................................... 34 
2.2.3 样品的制备................................................................................................. 35 
2.2.4 样品的表征................................................................................................. 35 
2.3 结果与讨论 ....................................................................................................... 36 
2.4 本章小结 ........................................................................................................... 41 
参考文献 ..................................................................................................................... 42 















3.1 引言 ................................................................................................................... 44 
3.2 实验部分 ........................................................................................................... 44 
3.2.1 实验仪器..................................................................................................... 44 
3.2.2 实验试剂..................................................................................................... 44 
3.2.3 样品制备..................................................................................................... 45 
3.2.4 样品表征..................................................................................................... 46 
3.3 结果与讨论 ....................................................................................................... 47 
3.3.1 石墨烯负载氧化铈的表征.......................................................................... 47 
3.3.2 石墨烯负载氧化铈的生长机理................................................................. 60 
3.4 本章小结 ........................................................................................................... 62 
参考文献 ..................................................................................................................... 63 
第四章 石墨烯负载氧化铈在电化学检测多巴胺中的应用 ................................... 65 
4.1 引言 ................................................................................................................... 65 
4.2 实验部分 ........................................................................................................... 66 
4.2.1 实验仪器..................................................................................................... 66 
4.2.2 实验试剂..................................................................................................... 66 
4.2.3 实验过程..................................................................................................... 67 
4.3 结果与讨论 ....................................................................................................... 67 
4.4 本章小结 ............................................................................................................ 70 
参考文献 ..................................................................................................................... 71 
第五章 结论与展望 ................................................................................................... 72 
5.1 主要结论 ........................................................................................................... 72 
5.2 展望 ................................................................................................................... 72 
硕士期间发表论文情况 ............................................................................................. 74 

















Abstract in Chinese ...................................................................................................... I 
Abstract in English ..................................................................................................... II 
Contents in Chinese .................................................................................................. IV 
Contents in English ...................................................................................................... I 
Chapter 1 Introduction................................................................................................ 1 
1.1 Overview of Ceria ............................................................................................... 1 
1.1.1 The Structure and properties of ceria ............................................................. 1 
1.1.2 The preparation of ceria ................................................................................. 2 
1.1.3 The application of ceria ................................................................................. 4 
1.2 Overview of graphene ........................................................................................ 4 
1.2.1 Structure and properties of graphene ............................................................. 5 
1.2.2 The preparation of graphene .......................................................................... 6 
1.3 Overview of graphene-based composites ....................................................... 10 
1.3.1 Category of graphene-based composites ..................................................... 10 
1.3.2 Overview of graphene-metal oxide .............................................................. 11 
1.4 Objectives and conceivability of this dissertation ......................................... 13 
Reference .................................................................................................................... 14 
Chapter 2 Synthesis and characterization of graphene oxide ............................... 33 
2.1 Introduction ...................................................................................................... 33 
2.2 Experimental ..................................................................................................... 33 
2.2.1 Instruments ................................................................................................... 33 
2.2.2 Reagents ....................................................................................................... 34 
2.2.3 The preparation of samples .......................................................................... 35 
2.2.4 Characterization of samples ......................................................................... 35 
2.3 Results and discussion ...................................................................................... 36 
2.4 Conclusions ....................................................................................................... 41 















Chapter 3 Preparation and formation mechanism of graphene-ceria .................. 44 
3.1 Introduction ...................................................................................................... 44 
3.2 Experimental ..................................................................................................... 44 
3.2.1 Instruments ................................................................................................... 44 
3.2.2 Reagents ....................................................................................................... 44 
3.2.3 Preparation of samples ................................................................................. 45 
3.2.4 Characterization of samples ......................................................................... 46 
3.3 Results and discussion ...................................................................................... 47 
3.3.1 Characterization of graphene-ceria .............................................................. 47 
3.3.2 Formation mechanism .................................................................................. 60 
3.4 Conclusions ....................................................................................................... 62 
References ................................................................................................................... 63 
Chapter 4 Detection of dopamine based on graphene-ceria modified electrode . 65 
4.1 Introduction ...................................................................................................... 65 
4.2 Experimental ..................................................................................................... 66 
4.2.1 Instruments ................................................................................................... 66 
4.2.2 Reagents ....................................................................................................... 66 
4.2.3 Experiment procedure .................................................................................. 67 
4.3 Results and discussion ...................................................................................... 67 
4.4 Conclusions ....................................................................................................... 70 
References ................................................................................................................... 71 
Chapter 5 Conclusions and future work .................................................................. 72 
5.1 Main conclusion ................................................................................................ 72 
5.2 Future work ...................................................................................................... 72 
Publications ................................................................................................................ 74 
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第一章 绪 论 
1.1 氧化铈的概述 
1.1.1 氧化铈的结构与性质 






立方萤石型[1]。其晶胞结构如图 1-1 所示，每个 Ce 原子被 8 个 O 原子包围，每
个 O 原子则有 4 个 Ce 原子配位。这样的结构中容易产生很多空穴，因此被称为
敞型结构，敞型结构允许离子快速扩散，所以萤石型氧化物是公认的快离子导体。 
 
图 1-1 氧化铈的晶格结构（萤石型） 
Figure1-1 CeO2 lattice structure（Fluorite structure） 
CeO2 具备无毒无臭味和热稳定性较高的特点。它的密度是 7.39 g/cm3，熔点




















黄色的深浅与杂质及灼烧温度有关。CeO2 的 Ce 能在 Ce（Ⅳ） 和 Ce（Ⅲ）之
间变化，当氧化铈颗粒表面的 CeO2（Ⅳ）在还原条件下失去相当数量的氧变成
Ce2O3（Ⅲ），暴露在空气中后又能与空气中的氧气反应生成 CeO2（Ⅳ），正是




































































































































图 1-2 石墨烯及衍生物 [47] 
Figure 1-2 Schematic diagram of graphene and its derivatives 
石墨烯拥有不同于其他碳材料的独特性质，其理论厚度只有 0.334 nm，目前
世界上最薄的二维材料，却是世界上最硬的物质[48]。它几乎是透明的，只吸收
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[54]。石墨烯的独特结构使其具有很好的电子传导能力，是优良的导体，其室温














图 1-3 CVD 法制备石墨烯的示意图[55] 
Figure 1-3 Schematic diagram of the synthesis of graphene by CVD 
外延生长法是指在单晶衬底上生长有一定要求的、与衬底晶向相同的单晶层，
犹如原有的晶体向外延伸一段。Hee[59-61]课题组最先使用该方法制备石墨烯，即
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